The objective of this protocol is to provide a detailed description for the construction and use of a behavioral apparatus, the zBox, for high-throughput behavioral measurements in larval zebrafish (Danio rerio). The zBox is used to measure behavior in multiple individuals simultaneously.
Background
Behavioral differences between individuals in a population are ubiquitous and likely play a role in adaptation to varying selective pressures during evolution. However, variation in behavior among individuals is often ignored when the quantitation of the behavior of groups is presented as means and associated dispersions. In this protocol we describe an approach to characterize individuality in the habituation of the acoustic startle behavior at the population level in zebrafish (Danio rerio) larvae. Our approach and set-up can be easily adapted to studies of individuality in other zebrafish larval behaviors. 
a.
Use epoxy to adhere the two side walls into the grooves on the back panel ( Figure 2 ).
b.
The screw holes in the LED platforms need to be drilled for 4-40 threads (Figure 3 ).
c.
Use the plastic thumbscrews to mount the 2 LED platforms (one for the imaging IR LEDsand one for LEDs for use in optogenetic experiments) to the slots in the side walls (Figure4).
d.
LED arrays can be wired in 8 × 6 or 12 × 10 arrays depending on the desired amount of light. Due to perspective, the IR imaging LEDs are best arranged so that the arrays extend to thesides of the LED platform. Thus, given the distance from the plate, the IR LEDs can evenlylight the extent of the multiwell plate.
e.
The BuckPack LED driver can be wired to power the LED arrays and be switched using TTLpulses from the DAQ
f.
The multiwell plate platform should be able to slide into the grooves on the side walls.
g.
Screw speakers to side of multiwell platform (Figures 4-6 ).
h.
Use diffuser paper to assure that IR light is evenly distributed throughout wells.
i.
Mount camera to P10 posts. XT66 rails should be constructed to hold IR mirrors ( Figure 7 ).
Software

1.
Matlab2014a or later with Imaging Processing and Data Acquisition toolboxes installed Procedure
Zebrafish embryos are raised in Petri dishes at low densities (∼2 fish per ml) at 28.5 °C in E3 medium.
2.
Larvae without inflated bladders and that do not respond to light taps on the dish on 4 dpf are removed.
3.
Larvae are individually pipetted in 300 μl of E3 medium with a P1000 PIPETMAN pipettor, with the pipette tip cut to prevent damage to the larvae, and individually transferred from Petri dishes to the wells of a 48-well multi-well plate.
4.
To prevent experimenter selection bias zebrafish larvae are randomly chosen for transfer to the 48-well plate.
5.
48-well microplate is transferred to a plexiglass box (Figures 4-7) kept inside an isolated dark chamber. Interior of chamber illuminated with constant diffuse white light is supplied by a 60 W bulb.
6.
The behavioral apparatus is housed in a climate controlled environment at 22 °C.
7.
If exposed to different treatments, larvae from different groups are tested simultaneously in the same micro-well plate.
8.
Larvae used in single-day experiments are 6 dpf, whereas those used in the threeday long experiments are 5-7 dpf. For the three-day experiments, the larvae are kept in the microplates with 1,300 μl E3 overnight at 28.5 °C between measurements. The medium is refreshed the next day and then readjusted to 300 μl for the next habituation trial.
9.
Behavioral activity within the microplate is recorded with a CCD camera, which is backlit by an array of infrared LEDs.
10.
The behavioral assay consists of 15 min of acclimation to the high-throughput apparatus, followed by 10 min of spontaneous activity recording, and then the habituation protocol.
11.
Sound stimuli are administered by two speakers mounted to the same platform as the microplate. The speakers are powered by a 15 W amplifier and delivered 900 Hz square waves of ∼3 msec duration. Stimuli are delivered via a Native Instruments PCI-6229 DAQ controlled by MATLAB.
12.
Habituation protocol consists of 10 stimuli at 90 sec ISI (0.4 V, ∼95 dB) followed by 100 stimuli at 5 sec ISI (0.4 V, ∼95 dB).
13.
For each behavior experiment, data is analyzed from randomly sampled larval zebrafish derived from multiple clutches obtained in different days. We 
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Data analysis
1.
Behavioral analysis is performed with MATLAB scripts (supplemental materials and Figure 8 ). README.txt file contains detailed information on how to run scripts. Basic skills in MATLAB programming are recommended.
2.
Run habituationProtocol.m script. Escapes are detected using changes in pixel values between frames before and after sound stimulus presentation. An escape is counted if the difference of the integrated pixel values from the two frames immediately following the stimulus is statistically higher (P < 0.01, 2-sample ttest) than the distribution of pixel-change values taken from the non-escape portion spontaneous activity taken across all 120 movies (720 frames). The accuracy of this method was verified by visual inspection of the movies ( Figure  9 ).
3.
For analysis of behavioral movies run the analyzeEscapes.m script. We utilize the habituation index (HI) as a metric to described acoustic startle habituation in individual larvae. The HI is defined as the difference in escape probability to the last 40 high-level stimuli under habituating conditions (10 sec inter-stimulus interval [ISI]) with the first 10 high-level stimuli under non-habituating conditions (90 sec ISI), divided by the probability of escape to the last 40 stimuli (HI =[P last40 -P first10 ]/P last40 ). Only highly-responsive fish, probability of response 90% or more to the initial 10 high-level stimuli, are used in calculating the HI (Figure 10) .
4.
To determine if differences in HI between experimental groups are significant we use the Mann-Whitney U-Test, which is included in the script zBoxStat.m. The HIscores.mat file in the supplemental materials provides an example of data to analyzed.
Recipes
E3 embryo medium
Note: It is not necessary to use filtered or sterile solutions. 
